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ABSTRACT 
In the context of e-commerce, it is critical for a retailing com­
pany to be able to assess the market and respond quickly to 
changes in competition and/or service levels and availability 
of its products. If the company operates globally, and the 
geographical constraints on the supplier are diﬀerent from 
those on the consumer, it is even more crucial to assess each 
market with respect to its characteristics and dynamically 
price every individual product accordingly. In this paper we 
report on an agent-based distributed system that was devel­
oped to support the retailing operations of one of the largest 
online book sellers in the UK, which has millions of books 
on oﬀer and operates internationally in a number of market 
places. The system supports the collection of market data, 
processing of this data, and applying dynamically one of set 
of predeﬁned pricing patterns. We describe the principles on 
which the price adaptation is based, the (long-running and 
proven successful) distributed scalable software architecture 
that supports it, illustrate how the mechanism copes with 
some typical situations system that arise and highlight some 
of the lessons learned from the development experience. 
Keywords 
Multiagent systems, marketplaces, e-commerce, real-time 
diﬀerential pricing 
1. INTRODUCTION 
In focussing on its own business processes, objectives and 
performance indicators, it can be easy to forget that each 
company is always part of a supply chain, even if most 
of the time the downstream element is an individual con­
sumer. Commonly, most companies advertise their goods 
not only through their own direct to consumer websites, but 
also through third party mediators who process the trans­
action between the consumer and the seller company. 
These third parties—also known as selling channels— mar­
ketplaces depend on suppliers with a physical position to be 
able to deliver the goods. Other competitors will often have 
Permission to make digital or hard copies of all or part of this work for 
personal or classroom use is granted without fee provided that copies are 
not made or distributed for proﬁt or commercial advantage and that copies 
bear this notice and the full citation on the ﬁrst page. To copy otherwise, to 
republish, to post on servers or to redistribute to lists, requires prior speciﬁc 
permission and/or a fee. 
International Conference on Electronic Commerce ’12, August 6-8, 2012, 
Singapore Management University, Singapore. 
Copyright 2012 ACM 978-1-4503-1197-7/12/08 ...$15.00. 
Julian Padget

Department of Computer Science,

University of Bath

BATH BA2 7AY

United Kingdom

jap@cs.bath.ac.uk

multiple presences in diﬀerent geographical markets and nor­
mally in most of these marketplaces. Thus we characterize 
our scenario: a company that supplies books through mul­
tiple third parties in multiple markets—and thus also the 
question: how to work out the right price for good x on chan­
nel y in market z?. The type of dynamic pricing described in 
this work is what is known as the ‘posted price mechanism’, 
where a good is sold at a take-it-or-leave-it price determined 
by the seller. Dynamic posted prices are also inter-temporal 
prices [6], where the seller changes prices dynamically over 
time, when there is change in one, some or all of the pric­
ing factors, to achieve sales objectives such as maximise sales 
volume, minimise time from advertisement to sale, maximise 
proﬁt or increase the company market share. 
In [5], we set out the design of an agent-based system 
for the management of the Book Depository catalogue and 
stock-control—a system which has been live now since 2006. 
In contrast, here we focus on the next stage in the chain— 
selling—which in an international e-commerce context means 
multiple, diverse markets. Naturally, stock and selling are 
connected, in this case through the Listing Management 
Agent, so that a catalogue update aﬀects what goods may 
be oﬀered. Although the Book Depository does maintain 
its own websites, its primary channels are as a secondary 
seller through portals such as Amazon marketplaces. Con­
sequently, this introduces two further factors into the pricing 
feedback loop: diﬀerentiation between geographical markets— 
although customers are not constrained to go to amazon. 
de just because they live in Germany, say, although it is 
presently more common—and responding to pricing changes 
by other parties with oﬀerings on the same (selling) channel. 
Thus, the main contribution of this paper is explain how 
a generalized linear model [12] can be embedded into a 
complex multi-channel e-commerce environment, to take ac­
count of a range of key performance indicators in setting and 
changing the price of a very large number of goods, in re­
sponse to both internal (business controllable) and external 
(e.g. competitor controlled) factors. 
The rest of the paper is laid out as follows: in section 2 we 
set out the properties of the various markets in which the 
pricing agent is operating to provide context for section 3, 
where we describe the various components that implement 
the market intelligence gathering process and both its tech­
nical and logistical integration with the rest of the business. 
We present results of the analysis of data from a normal – 
that is, not in the run-up to a holiday – one week period, 
to demonstrate the functionality of the system in section 4. 
We ﬁnish in section 5 with a discussion of related and future 
work and some conclusions. 
2. MARKET CHARACTERISTICS 
Over the last few years, Internet retailing has gained a sig­
niﬁcant share of the total retail sector. In the UK according 
the ONS [7]1 Internet average weekly value of Internet re­
tail sales in September 2011 was £539.4 million, which was 
approximately 9.6 per cent of total retail sales2 compared to 
the total value of all sales by non-ﬁnancial sector businesses 
in 2007 which was 7.7 per cent. The Internet sales by UK 
businesses reached £1,8465.2M in 2009. According to [9] the 
most online purchased goods are books and CDs. 
E-commerce systems are typically built to establish busi­
ness to consumer (B2C) relationships in the form of either 
(i) direct-selling web sites, or (ii) marketplaces where a sig­
niﬁcant level of competition exists and results in the need 
to change price continuously. Both insurance and airlines 
industries are good examples of dynamic pricing where the 
same goods/services may be sold to diﬀerent people for dif­
ferent prices, even at diﬀerent times on the same day. Such 
practices are common in on-line selling of such products 
through call-centres, where diﬀerent products are given dif­
ferent priorities (in order to meet sales targets within periods 
as short as a few hours), which is reﬂected in the dynamic 
(manual) updating of the call-handling logic. A more de­
tailed description can be found in [20]. Regardless of ethical 
and fairness arguments, dynamic pricing has become an in­
tegral part of most successful online businesses and without 
this option, a company would likely suﬀer serious loss of 
market share or presence to competitors that do adopt this 
tactic. 
Consequently, we view dynamic pricing both as a necessity 
for a company with global e-commerce operations and as a 
solution to the challenges arising from (i) the very diﬀerent 
marketplaces, in the form of competition levels and currency 
ﬂuctuations in real time, as well as (ii) the management of 
large numbers of goods with very fast changing stock levels. 
According to Matook and Vessey [15] such marketplaces3 
“are virtual, technology-enabled trading spaces that facili­
tate the exchange of information, goods, services, and pay­
ments among multiple buyers and sellers across companies” 
(see also [1, 22]), and are normally Internet-based environ­
ments. The main functions of such marketplaces are: (i) to 
match buyers and sellers by allowing for product determi­
nation either by feature or search, as well as allowing price 
discovery and comparison of all available oﬀers (ii) to facil­
itate all transactions, by taking over the payment process 
as well as oﬀering delivery of information, goods, or services 
and maintaining high trust level through reputations, and 
rating-like systems (iii) to oﬀer institutional infrastructure, 
by setting regulation rules and monitoring/enforcing these 
rules on all marketplace members. 
Various factors diﬀerentiate the marketplaces in general 
are: 
1.	 Diﬀerent currencies: some markets oﬀer prices in 
only one currency such as Amazon.co.uk, where mar­
ketplace goods are oﬀered only in GBP, while Ama­
1Oﬃce for National Statistics http://www.statistics. 
gov.uk, Retail Sales Report, September 2011 
2Excluding automotive fuel 
3Also known as E-marketplaces, marketspaces or business-
to-business electronic marketplaces 
zon.de marketplace operates in EUR and Amazon.com 
in USD. In contrast playtrade.com oﬀers buyers the 
opportunity to select their preferred currency. Given 
the continual change in exchange rates and ﬂuctuations 
due to goods coming from diﬀerent suppliers, costs can 
change all the time. We could easily have the situation 
of a good that is supplied from Germany (cost in EUR) 
and shipped from the UK (operations cost in GBP) to 
a customer in the USA who paid in USD. 
2.	 Seller entry/exit barriers: some of the market­
places are open to anyone to sell; these are known as 
low-entry/exit barrier marketplaces. In these markets 
there is typically a large number of sellers of homoge­
neous products, such as Amazon marketplaces in gen­
eral, while other marketplaces control the number of 
sellers by the selection of well-known long-established 
sellers such as the playtrade marketplace or Barnes 
and Noble marketplace. The ﬁrst type of marketplace 
represents a perfect competition situation where prices 
would be driven down all time, which leads to low 
proﬁt in the long term and this situation has the poten­
tial that real or threatened entry could force economic 
proﬁts to zero[8]. 
3.	 Operation commission and postage contribu­
tion: most marketplaces charge sellers a percentage 
of the total sales value. This is normally 7–15 percent, 
while other marketplaces charge a ﬂat fee per item 
regardless of its value. This puts an overhead on low-
value items. On the other hand, some marketplaces 
levy a ﬂat fee on the customer for shipping and han­
dling and part of this is passed on to the seller, while 
the rest is normally to cover the cost of payment trans­
action. Yet other marketplaces, like playtrade require 
the seller to post inclusive prices and then they do not 
charge buyers further fees. Flat-rate shipping fees af­
fect the very low-value items as all sellers probably 
have to sell with relatively large proﬁt margins. 
4.	 Pricing policy and territory regulations: Some 
marketplaces set minimum and maximum price values 
that the seller may not exceed. At the same time, some 
goods cannot be priced lower than the suggested retail 
price by their manufacturer; a clear example of this is 
the ﬁxed book price system in Germany, called “Sam­
melrevers”, so that all book sellers—even those who 
operate online—must sell German books at the same 
price. This policy extends to include sellers that op­
erate outside Germany, so that they must also comply 
with this system when they directly sell cross-border 
German books. The Book Depository, therefore, must 
price many of its oﬀers in the amazon.de marketplace 
exactly like the other sellers. 
The above summary makes clear that there many vari­
able factors in (e-)marketplaces, all of which must be taken 
into account—along with other factors to be discussed in 
the next section—in determining the post price of a good. 
Furthermore, while the above serves to identify the static 
factors aﬀecting pricing, there is a signiﬁcant challenge to 
address in actually collecting the data about those factors, 
which is the topic of the next section. 
3. SYSTEM ARCHITECTURE 
We start by outlining the system architecture and the 
components within it, as shown in Figure 1, that has been 
implemented, and now runs continuously, gathering infor­
mation about the markets in which the company participates 
and how this is linked to (i) the inventory that was described 
in earlier work [5] and (ii) the delivery supply chain. 
A particular novelty of the system we have developed is 
that both the listings manager and the catalogue manager 
are implemented as multiagent systems (MAS). The moti­
vation for the adoption of agents aims to strike a balance 
between conventional software engineering and the poten­
tial advantages of agents: a multiagent approach helps to 
reduce coupling—in the software engineering sense—and so 
relax the constraints deriving from conventional centralized, 
planned, and sequential control. This is achieved through 
the intrinsic autonomy of agents and the distribution of sys­
tem intelligence, so that the requirements for a given task 
are embedded in individual agents. The utilisation of a MAS 
approach allows for the replacement of centralized control 
by a distributed network of agents, where each of them can 
be focused on its local view of its environment. The system 
logic then emerges from the dynamic interaction between the 
agents in real-time, while the system schedule emerges from 
the concurrent independent decisions of the local agents on 
each node. The agents are able to adjust their behaviour 
automatically to respond to changes during the execution 
of their plans, which helps in optimizing the performance of 
the system. 
The sub-system that we focus on here is responsible for 
deciding the price at which to oﬀer a particular good (book) 
through a given channel (e.g. Amazon marketplace, Abe­
books, etc.) in a certain market (Europe, USA, UK, etc.). 
This decision depends on upstream and downstream infor­
mation. Downstream factors primarily mean for what price 
are competitors oﬀering the same good, while upstream fac­
tors include the current stock situation and how soon can the 
good be delivered. Determination of the oﬀer price is not 
predicated solely on the current market state, as it might 
be in a purely economic analysis, but has also to take into 
account practical issues such as the capacity to deliver the 
goods in a timely and cost-eﬃcient manner. 
The Listings Management System (LMS) controls for what 
price a good is oﬀered on a given channel. The high-level 
requirements are: 
R1	 The LMS should be able to update/add/remove book 
oﬀers on all selling channels 
R2	 The LMS should respond to the market change in timely 
manner to maintain high level of competitiveness 
R3	 The LMS should respond rapidly to the stock changes 
either in quantity or supply route to reduce the occur­
rence of oﬀers based on stock or delivery information 
that is no longer correct and the acceptance impossible-
to-fulﬁl sales. 
R4	 The LMS should validate the updates for book oﬀers 
before publishing 
R5	 The LMS should report any error occurring during any 
step in the update cycle 
Given these requirements, we now look in detail at the key 
actors in the pricing sub-system: (i) The Listings Manager 
Market Prices Checker
 
Domains Operator Agent 
Selling Channel Agent (SCA) 1 (SCA) 2 (SCA) N 
Price 
Checker 
Node 
Agent 
(PCNA)1 
 (PCNA)2 
 (PCNA)N 
Figure 2: Market prices checker agent 
Agent (LMA) (ii) Market Prices Checker Agent (iii) Stock 
Level Manager Agent (iv) Pricing Agent 
3.1 Listings Manager Agent (LMA) 
The LMA is responsible for managing The Book Depos­
itory listings (oﬀers) over number of selling channels; all 
of these channels currently are online marketplaces. List­
ing management normally addresses three main classes of 
change: (i) Adding new oﬀers to the marketplace (ii) Modi­
fying current oﬀers—balancing the combination of price, de­
livery promise and quantity (iii) Removing some oﬀers from 
the marketplace. 
The selling channels in our scenario are either market­
places where large numbers of sellers are operating, or are 
self-run websites (by publishers). The LMA should balance 
the prices between these channels as well where they operate 
in similar geographical spaces. Thus, the LMA needs up-to­
date knowledge of the following: (i) The company current 
oﬀers in each separate channel (ii) Inventory status (Stock 
levels - Supplier Delivery Promise - Cost) (iii) Market status 
(Products availability - Price - Popularity of the product ­
Competition level) (iv) Business logic that deﬁnes the re­
sponse to the overall status of market and stock measures. 
The LMA in turn uses the (i) Market Prices Checker 
Agent (ii) Stock Level Manager Agent, and (iii) Pricing 
Agent to achieve its goals and we now describe each of these 
agents in more detail. 
3.2 Market Prices Checker 
The main purpose of this sub-system is to collect knowl­
edge about the diﬀerent markets in which the company op­
erates and keep the market price and availability informa­
tion current. Figure 2 presents a schematic of this sub­
system, showing that in fact, there are many pricing check­
ing agents. Furthermore, as we discuss below, the pric­
ing checking agents themselves form a sub-system of sev­
eral agents. The market price checker agent carries out the 
following tasks: 
•	 Continuously build a list of ISBNs to check 
their market prices from all ISBNs that are available 
for sale (in stock). A list of in stock items are deﬁned 
based on availability for sale from the company virtual 
stock as well as observing the properties of each mar­
ketplace such as selling restrictions, territory rights, 
censorship rules and the marketplace catalogue. 
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•	 Prioritize the ISBNs and prepare batches of IS-
BNs that are due for checking, in order to cope with 
the time constraints and make the best of the available 
checking resources. 
•	 Collect and ﬁlter the market prices by checking 
on the other sellers’ proﬁles, so that if the seller meets 
some pre-deﬁned criteria to be considered as competi­
tor in this speciﬁc market then its oﬀer would be con­
sidered. This is because we are only interested in the 
lowest market price of that product from competitor 
sellers. 
•	 Tag each ISBN with one of the following states (i) Un­
known: we have not checked the market of this item 
(ii) Market status known and lowest price is known, 
or (iii) Market status known and the product is not 
available for sale in the market. 
Further observables include, popularity of the product 
in this market and the best service level available, that 
is the delivery time promise from competing sellers. 
The price checker sub-system includes number of pro­
active agents, as follows: 
•	 Domains Operator Agent (DOA): The DOA pre­
pares the full range of ISBNs that need to be checked 
from each selling channel over the next 24 hours, and 
assigns priorities for checking. This range of ISBNs 
will then be available to each Selling Channel Agent 
to handle over the speciﬁed period of time. Also the 
DOA is responsible for continuously updating the mar­
ket prices, using the data coming back from diﬀerent 
SCAs. Actual updates are currently done twice a day. 
•	 Selling Channel Agent (SCA): SCA is the dis­
patcher and task organiser for all the available check­
ing nodes (PCNAs). It maintains a record of the num­
ber of available checking nodes, as well as their ability 
(how many ISBNs they can check per hour based on 
history or ﬁrst registration) and also the status of the 
checking nodes, that is checking in progress, or check­
ing done or checking on hold due to error... etc and 
ﬁnally the available parsers per node that would deﬁne 
which methods the node is able to take for checking. 
•	 Price Checker Node Agent (PCNA): These are 
the real workers of the system, they are simple agents 
which have a number of methods for checking each or 
all channels and algorithms to parse the incoming data 
as well as ﬁlter these data based on the business rules. 
3.3 Stock Level Manager 
The stock level manager agent acts as an interface between 
the Stock Control System described in [5] and the pricing 
system described here. It provides a list of the in-stock IS-
BNs, their cost price and the available supply routes. The 
stock level manager does not have any rules on ISBN se­
lection, it just provides a uniform query interface for other 
agents to access stock information. 
3.4 Pricing Agent 
The pricing agent is responsible for analyzing all the col­
lected information and producing the best price for each 
item on each selling channel according to the pricing strat­
egy the company would adopt at each particular pricing mo­
ment. 
Traditionally, retail companies would price their goods 
based on one or more of the following pricing tactics: (i) Pre­
mium pricing where a high price is set due to the unique­
ness of the product or service (ii) Penetration pricing 
where prices are set artiﬁcially low to gain market share 
(iii) Economy Pricing all costs kept to the minimum to 
allow for basic service/goods oﬀered at low prices (iv) Price 
skimming charging high prices over a short period of time 
to beneﬁt from a competitive advantage (v) Psychological 
Pricing that aims to get the customer to respond emotion­
ally rather than rationally, such as the 99p mark. (vi) Prod­
uct Line Pricing where price is set to reﬂect the beneﬁts of 
parts of the line, such as pricing a book only for £8 and book 
plus CD for £10. (vii) Optional Product Pricing by of­
fering more options to increase the total spent amount, such 
as oﬀering choose your seat for extra charge. (viii) Captive 
Product Pricing where the main product such as a mop is 
sold for very low price, while the reﬁlls are priced with big 
proﬁt margins. (ix) Product Bundle Pricing where slow 
moving stock is combined with fast moving goods. (x) Pro­
motional Pricing such as buy one get one free, or 4 for 
price of 3 etc. (xi) Geographical Pricing this is more ob­
vious on the internet due to the variation of shipping cost. 
(xii) Value Pricing when there are economic issues, the 
company might start a value line of its products to retain 
sales. Pricing for the internet, while largely amenable to 
the same approaches, does, however due to the lack of phys­
ical presence of goods and insecurity perception, face new 
challenges. Prices are normally motivating for consumers 
online; however it has been found that consumers are capa­
bable of making a trade-oﬀ between convenience and price 
[17]. Other factors are quite important to the consumers 
such as reputation of the retailer and the quality and rich­
ness of product information. Additionally it is aﬀected by 
one or all of the following factors: 
It is easier for internet businesses to obtain access to • 
pricing information in straightforward formats that al­
lows for quick comparison. Also the ease of obtaining 
more information about consumers means internet re­
tailers can tailor the price online to suit the consumer 
proﬁle. 
•	 It is a very rapid process to change prices across the 
whole range of products, with very low cost in both 
advertising as well as changes. It has been found that 
menu costs are lower in internet markets [4], for exam­
ple. 
•	 The customers have greater access to almost all online 
stores and there are many price comparison services 
that would help the customer to compare and choose. 
The lower search costs lead to lower proﬁts and the 
cost of search is normally matched against the beneﬁt 
from any improvement of the price [19]. 
•	 The scope of pricing is widened to be international 
rather than local or national, with all international 
sellers became competitors, so a customer in Australia 
may have access to goods produced and sold in US 
with huge price reductions over his local seller. 
The internet seller however can limit its pricing tactics to 
only one of few based on the selling channel, thanks to ex­
ternally deﬁned business environment constraints. For ex­
ample, even if the seller is able to source and sell a German 
book cheaper than its regular retail price, the seller would 
not be able to use Penetration Pricing Tactics in amazon.de 
due to the ﬁxed price regulations, however he can do that 
on amazon.com. Another example: if the channel states that 
the seller should ship the sold product within 48 hours, then 
the seller would not be able to oﬀer a basic service in the 
form of slower shipping options i.e. 2 weeks delivery time 
for lower price. 
Due to the sensitivity of the business information in this 
area we do not include speciﬁc rules that are applied or dis­
cuss in great details the Book Depository’s pricing policies of 
each domain or product, however the prices produced would 
normally follow one of, but not limited to, the following 
patterns: (i) Match the market price (ii) Ignore the market 
price and sell at the cost price (iii) Ignore the market price 
and sell at lowest possible price (iv) Track the market price 
with a speciﬁed window that can be positive (overpricing) 
or negative (undercutting). 
The pricing agent uses a simpliﬁed version of the statis­
tical technique of Generalised Linear Models (GLM) [12], 
where the selling price of each good can be tailored for each 
selling channel based on a number of variables. The GLM 
regression method assumes that the response variable is a 
linear combination of the explanatory variables and is nor­
mally distributed. 
The inverse function of a linear model that speciﬁes the 
(linear) relationship between a dependent (or response) vari­
able Y , and a set of predictor variables (Xi): 
Y = b0 + b1X1 + b2X2 + ... + bkXk 
A pricing agent could use any number of variables represent­
ing the signiﬁcant variables of the current situation (Y ) of 
the target selling channel, for example the competition level, 
availability of the product, shipping cost and time, ...etc. 
The Xis deﬁne which response variables are connected to 
which elements of Y . Solving the system for b, matches the 
product with one of the pricing policies set by business and 
hence one of the pricing patterns is applied. The current 
model, however, does require collecting all market data for 
the full set of products, which is time consuming process. An 
enhancement could be done by adopting a similar approach 
to the one presented by Bouveyron and Jacques [2]. 
Adopting one of these patterns does not mean necessarily 
a proﬁt for the seller. The seller can make a proﬁt even if 
the selling price is the lowest possible price, but equally it 
can be making a loss, even while selling at a price that is 
higher than the market price. 
3.5 Implementation and Deployment 
We have adopted the Agentscape middleware [16] for sys­
tem implementation because of its support for: (i) scalabil­
ity: we needed to be able to expand the system by adding 
as many nodes as required, without the need to change the 
overall architecture; this is straightforward in Agentscape 
because new hosts (physical nodes) can be combined with 
existing locations (logical nodes) at will, and (ii) mobile 
agents: so the system is ready for any possible change that 
Row Description Amazon UK Amazon US Amazon DE Amazon FR 
1 Total number of records uploaded 5221927 5724741 5174090 5682187 
2 Number of items with no price change 3824156 5272266 3461411 3893557 
3 Remaining items 1397771 452475 1712679 1788630 
4 Number of items deleted due to stock level 74001 92007 135060 248989 
5 Remaining items 1323770 360468 1577619 1539641 
6 Items with unknown market price 2 99453 27845 40102 
7 Remaining items 1323768 261015 1549774 1499539 
8 Number of items unavailable from other competitors 
(Out of market) 
6953 5630 8767 7549 
9 Remaining data 1316815 255385 1541007 1491990 
10 Items with price INCREASE over 10% 68183 10704 6608 12246 
11 Items with price DECREASE over 10% 14791 14579 19013 53318 
12 Items with price INCREASE over 5% 12865 7000 3868 4645 
13 Items with price DECREASE over 5% 11165 12914 24407 14129 
Table 1: Selling Domains: Amazon UK, Amazon US, Amazon DE Amazon FR 
might require migrating some of the agents between the 
physical hosts. In addition, we are familiar with Agentscape 
from the implementation of the catalogue manager, so its 
continued use makes sense from a practical point of view. 
The price-checking system is deployed on 12 machines (at 
the time of writing), and is able to check the prices of mil­
lions of ISBNs everyday and generates 19 listings updates 
per day to support 15 diﬀerent selling channels. A fur­
ther point regarding distribution of the computation is that 
Amazon limits the number of queries per minute per IP ad­
dress, thus for the Book Depository to be able to process its 
whole catalogue, the task is in eﬀect striped across multiple 
servers in order to be able to deliver the necessary through­
put in a given 24hr period. This aspect is, again, easily 
delivered as a consequence of the design of Agentscape, but 
also supported by the level of abstraction aﬀorded by taking 
an agent-oriented approach. 
4. OUTPUTS 
The purpose of this section is summarize the main (busi­
ness) results achieved through the design and deployment of 
this architecture. These are: 
1.	 The capacity to process pricing requests over multiple 
channels for the complete Book Depository catalogue 
2.	 The means to apply diﬀerent pricing strategies for dif­
ferent goods across a variety of channels 
3.	 The facility to respond rapidly to price changes from 
competing sellers in those channels in an intelligent 
way that observes appropriate business rules 
The price checker system has been in operation now since 
mid-2008 and can be regarded as a mature piece of business 
software that delivers eﬀective function day after day. We 
now look at the results in a little more detail. 
The Book Depository has wide range of titles in its cat­
alogue, and the volume of sales data through which to sift 
is quite signiﬁcant. To put this in concrete terms, the cat­
alogue holds a total of 17,940,335 unique ISBNs, of which 
10,833,410 are available in stock to sell. The Book Deposi­
tory sells an average of 30,000 books daily, and this number 
reaches 60,000 in the period running up to Christmas. In 
Table 1 we show a summary of the raw data for 4 diﬀer­
ent selling domains, Amazon.co.uk, amazon.com, amazon.de, 
and amazon.fr, we then highlight some cases that have been 
picked out to illustrate aspects of the price tracking be­
haviour. 
Over one week the total number of oﬀers exceeded 5 mil­
lion titles on each selling channel. During that week we can 
calculate (from rows 1 and 2) that 27 percent of UK list­
ings, 8 percent of US listings, 33 percent of DE listings and 
31.4 percent of FR listings changed in price; this indicates 
that Amazon.com (US) marketplace is more stable in terms 
of competition dynamics. Checking the price change level 
(row 10) we can see that a small proportion of the listings 
have had signiﬁcant price increase of over 10 percent, in par­
ticular on the DE and FR listings, where only 0.42 and 0.82 
per cent respectively, increased by over 10 percent of their 
original listing price on the beginning of that week. The 
same has happened concerning price decreases (row 11): we 
can likewise observe only few listings decreasing in price by 
10 per cent across all the selling channels considered here, 
except in the US listings where 5.7 per cent of remaining 
listings decreased. 
As mentioned in section 3.4, the pricing agent follows one 
of several identiﬁed patterns, so we now focus on four exam­
ples that illustrate these behavioural patterns. In example 
1 shown in Figure 4(a) the prices reached are tracking the 
market price by undercutting other competitors’ announced 
price by 1 penny, it is obvious that other competitors are 
then cutting The Book Depository price by 1 penny in re­
turn (time steps 5–6 and 10–11). In the long run, the price 
would keep dropping to reach zero proﬁt value, or even less 
than cost price. This is a typical representation of the per­
fect competition market as described in section 2. 
Example 2 in Figure 4(b) is an anomalous case of aggres­
sive overpricing by another competitor, that drags the price 
up to 19 times that of the TBD price. Adaptation initially 
leads to a wrong pricing, but then a correction function is 
applied to restore a price that is correct according to the 
company’s business rules. 
Two other examples are shown in Figure 5(c) and (d), 
where the pricing tool ignores the market prices, so that in 
(c) the oﬀer price is higher than the market price and does 
not change even if the item becomes unavailable from other 
Figure 3: (a) An example of tracking market price 
with ﬁxed undercutting window of 1p, (b) Static 
tracking can lead to wrong pricing, but a correction 
applied to restore the optimal price 
competitors later on that week (time period 10 onwards). 
While in (d) the tool ignores the market price and the change 
in price results from a change in the supply route, leading 
to a change in cost. 
5. DISCUSSION 
At its simplest, the problem has similarities with the case 
of ZI [11] and ZIP [3] traders, where the channel provides 
the market environment from where a trader can collect data 
about current shouts and subsequently use this information 
to adapt its shout. Since there is no price negotiation as 
in the continuous double auction of ZI(P), the situation is 
slightly simpliﬁed in this respect, but not altered fundamen­
tally: it just means that the shout price may also be the sale 
price. 
Product price automation is an important issue for busi­
nesses today, especially for those operating in the electronic 
space, thus there has been much research in this area over 
the past few years. However, like much multi-agent work, 
most of these studies tended to focus on marketplace mod­
elling, such as the early work of Kutschinski et al. [14] on 
using reinforcement learning techniques to improve dynamic 
pricing agents’ performance, where they show the eﬀect on 
the marketplaces and the eﬀect of diﬀerent adaptive pricing 
strategies. Closer to the seller’s interest, is the work of [21], 
where they address the problem by presenting an algorithm 
based on the similarity of agents strategies in coordination 
Figure 4: (c) Tracking market price with a positive 
window (d) Independent pricing that is ranging be­
tween cost prices from diﬀerent suppliers 
games. Other research has focused on simulating buyer-
seller behaviour in the context of dynamic pricing in mar­
ketplaces such as [13]. It is less easy to ﬁnd work reporting 
on actual implemented systems, apart from a presentation 
of system architecture [10] that was aimed at supermarket 
chains, and [18] where they introduced argumentation-based 
approach for automating the decision making for product 
pricing. This latter is a proof of concept rather than a func­
tioning system and in addition, it presents a solution for 
automated decision making in very simple scenario where 
there is a static decision can be made over the whole rage 
of products regardless of the ﬁne diﬀerences between the 
products’ market conditions and the competition level for 
each individual product. And above all, there is apparently 
no consideration of how the application can cope with the 
needs of a large company that has millions of oﬀers on large 
number of markets, which is what diﬀerentiates the work 
presented here. 
Dynamic pricing is a complex task, that requires the com­
pany to know not only its own operating costs and availabil­
ity of supply but also the product status in each marketplace, 
the market behaviour, how much the current customer val­
ues the product and what future demand will be. In this 
paper we have presented part of a fully functional system 
(in continuous use since July 2008) that enables the com­
pany to dynamically price a huge range of products, and to 
respond quickly to changes in any of the pricing factors. The 
system neither generates predictions of the future demand 
nor examines the current customer need for the product, but 
these are possible areas for future work. 
In addition, we are considering (i) adding a learning mech­
anism and using the price change history to ﬁne-tune the 
pricing strategies (ii) internal ranking of the competitors’ 
behaviour to exclude instances aggressive over-pricing. 
Since writing about the system described here, the Book 
Depository has been acquired by Amazon (Nov 2011). The 
data reported here pre-dates this takeover, but remains valid 
both (i) as an illustration of dynamic pricing in a moderately 
volatile market, where several factors combine to make real-
time diﬀerentiation between channels as well as responsive­
ness to market conditions, a necessity, and (ii) as a backdrop 
to a software architecture capable of supporting such func­
tions and scaling to meet changing business requirements. 
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